ABSTRACT
INTRODUCTION
Benthic algae are present on almost all stable substrata (Lowe and Laliberte, 1996) , for example, rocks (epilithon), sand (epipsammon), woody debris (epidendron), sediment (epipelon) and aquatic vegetation (epiphyton). The epiphytic algae act as indicators of the extent of water pollution, as well as being of great importance as primary producers in the food chain in water ecosystems (Danilov and Ekelund, 2000) . Given that diatoms are considered as a particular potential for assessment of aquatic biodiversity and water quality (Cox, 1991) , benthic diatoms can be used for ecological status assessments in lakes (Chètelat et al., 1999) . They have been used to provide as measure of the effects of organic compounds effluents in aquatic ecosystem (Stevenson and Lowe, 1986) and in monitoring programs that provide information about river health (Round, 1991) .
Both the abundance and species composition of benthic diatoms may vary owing to differences in water quality, local variation of runoff from the shore and differences in substratum and levels of disturbances (Townsend and Gell, 2005) . The relationship between epiphytic associations and factors such as temperature, salinity, light, tidal cycle and geographic position has been investigated by Admiraal and Peletier (1979) . The spatial distribution of benthic diatoms is determined by hierarchy of factors, from climate, geology and land-use at the catchment scale, to the availability of light and nutrients at the substrate scale (Biggs, 1996; Stevenson, 1997) . Diatom productivity and assemblage composition vary throughout the year. A number of studies demonstrated marked seasonal changes in the biomass of benthic diatoms (Muller, 1994; Shamsudin and Sleigh, 1994) . While there are clearly seasonal patterns in benthic diatom productivity, no evidence of seasonal succession in species composition was found (Jones and Flower, 1986) .
Port Said coast is characterized by the exchange between Mediterranean Sea and both Red Sea (via Suez Canal) and Manzalah Lake which creates different habitats. These habitats provide variable conditions for different community composition of flora. Although seaweeds have long been known to support abundant populations of microscopic algae especially diatoms, few studies have considered the abundance of epiphytic diatoms on seaweed surfaces. On the other hand, research on diatoms tended to focus on the dynamics of contemporary plankton while our knowledge about epiphytic diatoms is not yet sufficient. In Egypt, most studies have concentrated upon the systematic and ecology of the epiphytic diatoms on the macrophytes (ElKhatib, 1991; Gaballah et al., 2000) . Few articles have been published on epiphytic diatoms on seaweeds, such as Hegazi et al. (2006) in South Sinai. In spite of, Port Said region harbored a relatively large number of seaweeds (Madkour and ElShoubaky, 2007) , no investigations were done on epiphytic microalgae in this area. The aim of this study is to determine the seasonal variation and host specificity of the epiphytic diatoms on seaweeds that located in Port Said area.
MATERIALS AND METHODS
Epiphytic diatoms growing on seaweeds inhabiting Port Said coast were investigated seasonally during the period from summer 2004 to spring 2005. Four sites were chosen between longitudes 32° 20` 30``E and 32° 10` 56``E representing different habitats (Fig. 1) . During the same study, qualitative and quantitative macroalgal vegetation in addition to the physico-chemical parameters of water (temperature, salinity, pH, dissolved oxygen and nutrient salts) were investigated and published by Madkour and El-Shoubaky (2007) .
From each macroalgal species, a representative sample was taken to the laboratory for epiphytic diatom investigation. Firstly, all samples of macroalgal species were examined microscopically to select seaweeds which hosted adequate number of epiphytic diatoms. The attached epiphytes were obtained according to Michael (1984) . The pieces of selected seaweeds were scraped and shacked vigorously by distilled water then preserved in formalin. Each sample was settled in a one ml chamber and counted with an inverted microscope. The species of diatoms were identified by Hustedt (1939 ), Hendey (1964 , Sykes (1981) , Tomas (1996 Tomas ( , 1997 . The data from all the counts were bulked and percentage occurrence (relative abundance) for each species was done.
Similarity index among the selected seaweeds were obtained according to the relative abundance of the associated epiphytic diatoms. A multivariate procedure (cluster analysis) based on the Bray-Curtis similarity coefficient and group average was performed (Bray and Curtis, 1957) using Primer Package V. 5. 
RESULTS

Spatio-temporal distribution of the epiphytic diatoms
Table (1) showed the range values of the physico-chemical parameters during the four seasons at each selected site. Site I appeared high salinity (38-39‰) and low nutrient values (0.09-0.21, 0.13-0.21, 0.96-2.23 and 3.11-4.20 µM/l for phosphate, nitrite, nitrate and silicate, respectively). By contrast, site IV attained the lowest salinity values (14-32‰) and the highest nutrients (0.63-3.36 µM/l for phosphate. 0.42-1.46 µM/l for nitrite, 2.65-8.92 µM/l for nitrate and 11.93-22.73 µM/l for silicate).
A total of 62 species of the epiphytic diatoms were identified on the macroalgae inhabiting Port Said coast through the study period (Table 2) . They comprised fifty nine pennate and three centric forms. The widespread species which formed the important component in the flora of epiphytic diatoms were belonging to the genera: Achnanthes, Achnanthidium, Fragilaria, Gyrosigma, Licmophora, Navicula, Pleurosigma, Synedra and Tabellaria. The rest recorded epiphytic diatoms were considered rare and of no significance in defining the epiphytic flora on seaweeds. The percentage relative abundance of the total epiphytic diatoms illustrated seasonal variation along the studied area (Fig. 2) . Summer showed the highest relative abundance of total epiphytes reached to 53%, followed by autumn (31%) and winter (11%), while the lowest value (5%) was recorded in spring. The percentage relative abundance of the total epiphytic diatoms varied among sites during the whole period of study (Fig. 3) . Site I displayed the highest percentage (64%) of the epiphytes occurrence which decreased at sites III (18%) and II (12%), reaching the minimum percentage at site IV (6%). Figure (4) shows the relative abundance of the most dominant epiphytic diatoms during the present study. Achnanthes brevipes, Fragilaria hyalina, F. pinnata, Licmophora ehrenbergii, L. gracilis, Synedra acus, Tabellaria fenestrata and T. flocculosa were the most dominant species. It is worth to mention that, there was no species present consistently at all sites. In addition, no dominant species could be detected at sites II and III during spring. At the studied sites, the epiphytic diatoms community dominated by one or more species. The flora at site IV is quite distinctive, being characterized by the abundance of the two species of genus Fragilaria. They alternate the domination through the study period when Fragilaria hyalina found in autumn and winter, while Fragilaria pinnata exist in summer and spring. Site II was distinguished by the appearance of Achnanthes brevipes in autumn and Licmophora ehrenbergii in winter (Fig. 4) . On the other hand, the studied seasons showed constantly occurrence of Licmophora gracilis and Licmophora ehrenbergii mostly at site II for the later species in winter. The other species which was found in moderate abundance showed discontinuous appearance during the study period. For instance, Licmophora lyngbyei, Achnanthes longipes, Gyrosigma acuminatum and Pleurosigma elongatum flourished in summer, Navicula pusilla and Achnanthidium minutissimum in winter while Navicula palpebralis in spring. The species Achnanthidium minutissimum, Achnanthes longipes, Gyrosigma acuminatum, Licmophora lyngbyei and Pleurosigma elongatum only found at site I whereas Navicula pusilla and Navicula palpebralis were characterized to site IV. Madkour and El-Shoubaky (2007) recorded 55 species of macroalgae during the same study period and at the same sites. They were belonging to Rhodophyta (31 species), Chlorophyta (21 species) and Phaeophyta (3 species). Of these recorded macroalgae, about 14 species were mostly utilized by the epiphytic diatoms. They represented by 8 species of red algae: Ceramium gracillimum, Champia irregularis, Erythrotrichia carnea, Grateloupia filicina, Hypnea cornuta, H. musciformis, Polysiphonia variegata, and Pterocladia nana, in addition to 6 species of green algae:
Distribution of epiphytic diatoms in relation to the seaweed substrate
Caulerpa prolifera, Chaetomorpha linum, Cladophora albida, C. patentiramea, C. prolifera, and Enteromorpha ralfsii.
Figure (5) shows the similarity index among the previous 14 species of macroalgae according to the relative abundance of the dominant and moderate epiphytic diatoms attached on them. Whereas, Fig. (6) demonstrates the distribution of these epiphytic diatoms on their hosts. The dendrogram distinguished into two main clusters. The first cluster comprised group A, containing two species (Caulerpa prolifera and Pterocladia nana) at a similarity index of 42.112%. These two species were only characterized by the presence of Licmophora lyngbyei and Pleurosigma elongatum in spring (Fig. 6) . 
Similarity
The second cluster could be subjectively divided into three groups (B-D) at different similarity levels. Group B was constituted from five species: Chaetomorpha linum, Cladophora prolifera, Enteromorpha ralfsii, Ceramium gracillimum and Grateloupia filicina. In this group, Chaetomorpha linum was characterized by the presence of high relative abundance of Fragillaria hyalina (Fig. 6) . Cladophora prolifera was the most macroalgal species which hosted the majority of the epiphytic diatoms (9 species) representing 35.6% of the total epiphytes. Within this group, Cladophora prolifera shared the others in five epiphytic diatoms besides more four epiphytes (Fig. 6 ). Of these four epiphytes, Achnanthidium minutissimum and Navicula palpebralis gave distinctive appearance on Cladophora prolifera. The other three macroalgal species in group B jointed in the occurrence of Licmophora gracilis and Licmophora ehrenbergii representing the highest similarity between Ceramium gracillimum and Grateloupia filicina (79.213%).
The four species Erythrotrichia carnea, Hypnea cornuta, Cladophora patentiramea and Polysiphonia variegata lied in the group C. The epiphytic diatom Tabellaria fenestrata formed substantial occurrence on the macroalgal species of this group with different relative abundance. Strong similarity (93.044%) was found between the first two macroalgal species as a result of the appearance of Licmophora ehrenbergii and Achnanthes brevipes. The macroalgal species Cladophora patentiramea and Polysiphonia variegata achieved a similarity index of 64.911% which attributed to the presence of Tabellaria flocculosa.
Group (D) included 3 species: Hypnea musciformis, Cladophora albida and Champia irregularis. It was characterized by the associated epiphyte, Achnanthes brevipes, which covered the last two species completely giving the highest similarity index between them (98.072%).
DISCUSSION
During the present study, the recorded epiphytic diatoms were mostly pennate that are attached to seaweeds by mucilage stalks and sheaths or gelatinous pads as Achnanthes, Licmophora, and Tabellaria or by the attachment of the cell along its entire valve face such as Navicula and Pleurosigma. The centric forms (Biddulphia aurita, B. tuomyei and Cyclotella meneghiniana), which are usually common members of the planktonic communities, were often trapped by the thallus of seaweeds or held in the tangle of attached forms. This is in agreement with many authors (Millie and Lowe, 1981; El-Khatib, 1991; Gaballah et al., 2000) .
The present study revealed that the number of species and abundance of epiphytic diatoms were higher in summer compared with the other seasons. The biological factor was more important in accounting for differences among assemblages in the summer than in the spring and this factor was primarily species interactions between diatoms and macroalgae. As experienced in the planktonic communities, there were seasonal patterns in phytobenthic diatoms emphasized by several authors (Cox, 1984; Hofmann, 1994) . On the other hand, the wide differences in epiphytic diatom abundance at the studied sites mostly between sites I and IV could be attributed to the differences in macro-algal vegetation. Madkour and El-Shoubaky (2007) reported that the seaweeds were more diversified at site I and dominated by red algae which flourish in high salinities. By contrast, site IV had low diversity particularly from red algae as a result to low salinity. This may explain the high density of epiphytic diatoms which recorded at site I.
The impact of substrate type on species assemblages independent on water chemistry was established by Michelutti et al. (2003) . The relationship between epiphytic diatoms and their hosts has been investigated by several authors (Cattaneo et al., 1998; Gaballah et al., 2000; Hegazi et al., 2006) . Some authors found variation in species composition as a function of substrate indicating the presence of selectivity between epiphytic algal species and the respect substrate (Gough and Gough, 1981; Antonie et al., 1986) . On the other hand, another authors found similarities in epiphytic communities demonstrating non selectivity between epiphytes and the hosts (Cattaneo and Kalff, 1979; Fontaine and Nigh, 1983 ).
The present investigation coincided with the both previous standpoints. The results revealed that the epiphytic diatoms were not noticed densely on the majority of the recorded macroalgae. Most of the foliose and flattened macroalgal thalli were nearly not preferred as a substrate such as Ulva lactuca, U. fasciata, Enteromorpha intestinalis, Rhodymenia erythrea and Padina pavonica. Although some of the previous species were found in high vegetation during the study period, it relatively was not hosted by epiphytes. By contrast, the fine and sometimes branched thallus in Cladophora prolifera, C. patentiramea, C. albida, Ceramium gracillimum, Polysiphonia variegata and Enteromorpha ralfsii hosted many epiphytic diatoms. The previous observations were compatible with many authors (Round, 1981; Cattaneo et al., 1998; Gaballah et al., 2000) who considered the possibility of a relationship between the morphology of the host plants and the associated epiphytes.
Considering the macroalgal species which used as a substrate, the attached epiphytic diatoms observed different patterns of preference. Some epiphytic diatoms showed host specificity giving unialgal epiphytic flora on few hosts as follows: Synedra acus on Caulerpa prolifera, Achnanthidium minutissimum and Navicula palpebralis on Cladophora prolifera and Achnanthes longipes on Hypnea musciformis (Fig. 6 ). This preference pattern was observed by McIntire and Overton (1971) . Conversely, other epiphytic diatoms did not reflect the previous preference pattern and existed on the majority of the macroalgae indicating the absence of selectivity. This observation is in agreement with some studies (Fontaine and Nigh, 1983; Millie and Lowe, 1983) .
